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PURPOSE: To form an accurate and stable 
modulated stripe pattern at the through-hole 
section of a printed circuit board, and enable the 
land section thereof to be inspected by detecting an 
image of light reflected from the board and an 
image of transmitted light with a single image 
pickup device. 

CONSTITUTION: A printed circuit board 101 is 
illuminated with a lighting device 102 from above, 
and an image of reflected light is inputted as a 
variable density image via an image input means 
105. Concurrently, modulated illumination light is 
irradiated from under the board 101 at the 
predetermined cycle, and an image of reflected 
light is inputted with the means 105. Then, an 
image from the means 105 is compared with the 
predetermined threshold value by means of the 
first binary coding means 107, and converted to a 
binary coded image. Also, the threshold value is so selected that the modulated stripe 
pattern of the through-hole section clearly appears for a thinned image, and binary 
coded with the second binary coding means 108. A hole separation means 109 extracts 
the stripe pattern of a through-hole zone from the output of the second binary coding 
means 108, and the image so obtained is interpolated and magnified to an image of 
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original magnification with an interpolation and magnification means 110. A defect 
detection means 111 performs theoretical operation with a binary coded image for hole 
filling and detects a disagreement zone. Namely, this disagreement zone is detected as a 
defect in the land section of the printed circuit board 101. 



[Claim(s)] 

[Claim 1] An image input means to picturize the circuit pattern formed on the printed 
circuit board, A modulation light generating means to become irregular with a 
predetermined period by the transmitted light, and to illuminate said printed circuit 
board, The 1st binary-ized means which changes the shade image from said image 
input means into a binary image, An infanticide cutback means to thin out said shade 
image at the predetermined spacing, and to reduce, and the 2nd binaryized means 
which changes said reduced shade image into a binary image, A circuit pattern, a hole 
separation means to separate a through hole, and a interpolation amplification means 
to expand said separated through hole image to the original scale factor, Circuit 
pattern test equipment equipped with the defective detection means which carries out 
arbitrary dose expansion and carries out logical operation of the through hole image 
separated while making up for the through hole section of a circuit pattern. 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the circuit pattern test equipment for 
inspecting the defect of the circuit pattern in a printed circuit board, a photo mask, etc. 
[0002] 

[Description of the Prior Art] Conventionally, it depended for inspection of defects, 
such as a printed circuit board, on the visual inspection by human being. However, a 
miniaturization and lightweight-izing of a product take for progressing, and 
minute-izing and complication of a circuit pattern are progressing further. In such a 
situation, it is difficult to continue a very minute circuit pattern moreover for a long 
time, human being maintaining a high inspection precision, and automation of 
inspection is desired strongly. In inspection of the substrate which has especially a 
through hole, the time limits/maintenance check of the line breadth of a circuit pattern 
differs from the time limits/maintenance check of the seat remaining width of face of a 
land, and since it is necessary to separate the through hole section and a circuit 
pattern and to inspect according to an individual, its complexity of inspection is 
increasing further. If the separation approach of a circuit pattern and the through hole 
section is divided roughly in a through hole substrate, the approach of making two 
waves the transmitted illumination light and reflected illumination light which are 
irradiated from the lower part of a substrate, separating wavelength, and detecting by 
the sensor according to two individuals, and one sensor will detect the reflected light 
and the transmitted light, and the method of separating a through hole will be raised 
from the image data in which a reflected image and a transmission image are 
intermingled. Since transmitted illumination light is modulated synchronizing with 
the level period of a CCD camera, a striped pattern is formed in the through hole 
section, it dissociates from the image data in which the reflected light and the 
transmitted light are intermingled and the latter method can separate the through 
hole section easily by the partial processing by mask scan, it is explained as a 
conventional example below. 



[0003] Drawing 10 is the block diagram of conventional circuit pattern test equipment, 
this drawing - setting - 1000 - a printed circuit board and 1001 - a lighting system 
and 1002 a modulation light generator and 1003 a CCD camera and 1004 - for an 
edge detecting element and 1007, as for the contraction processing section and 1009, 
the expansion processing section and 1008 are [ a binaryized circuit and 1005 / the 
hole separation processing section and 1006 / the expansion processing section and 
1010 ] defective detecting elements. Actuation of the circuit pattern test equipment 
constituted as mentioned above is explained below. A printed circuit board 1000 is 
illuminated from the upper part and a lower part by the lighting system 1001 and the 
modulation light generator 1002, and the reflected light and the transmitted light 
which passes through a through hole are simultaneously detected by CCD camera 1003 
using a 1-dimensional CCD sensor etc. At this time, the modulation light generator 
1002 modulates the illumination light so that it may blink per one line synchronizing 
with the level period of a CCD sensor. The binaryized circuit 1004 makes the shade 
image from a CCD camera binary, and a circuit pattern changes [ 1 and the base 
material section ] it into the binary image with which the striped pattern of 1 and 0 
was formed at 0 and the through hole section. The hole separation processing section 
1005 carries out the separation extract of the through hole image from the striped 
pattern of said binary image to the Sulu hall section, and the defective detecting 
element 1010 detects the defect of the land of a through hole from said through hole 
separation image and the binary image from the binaryized circuit 1004. In the hole 
separation processing section 1005, a binary image is first changed into a profile image 
by the edge detecting element 1006, 1 pixel of said profile images is fattened in the 
expansion processing section 1007, and the striped pattern of the through hole section 
is painted out. The contraction processing section 1008 contracts 3 pixels of said 
expansion images, eliminates images other than the through hole section, and obtains 
the contraction image of the through hole section. Moreover, the expansion processing 
section 1009 fattens 2 pixels of contraction images of said through hole, and amends a 
through hole image in the original magnitude. In the defective detecting element 1010, 
an inequality part is detectable as a defect of the land of a through hole by carrying out 
logical operation of the arbitrary dose expansion processing to the binary image which 
gave the through hole image separated while making up for the through hole section of 
a circuit pattern, and was made up for. 
[0004] 

[Problem(s) to be Solved by the Invention] In the above, the through hole section of a 
binaryized image was made to generate a striped pattern, and by modulating 
transmitted illumination light per one line explained the method which contracts and 
expands an edge image and separates a through hole image. This approach separates a 
through hole from the detection image of one sensor by simple mask processing, and 
can say it as the promising approach the defect of a land is certainly detectable. 
[0005] However, it is difficult for this method to obtain an exact through hole image, if 
the striped pattern stabilized in the through hole section is not formed, when S/N of 
the shade picture signal from a CCD sensor deteriorates, crushing and an omission 
occur to the striped pattern of the through hole section, and it becomes difficult to 
divide a through hole image into stability. As a degradation factor of S/N of a CCD 
sensor, a dark current property and an after image property are raised. Generally, a 
single dimension CCD sensor arranges a photodiode on a straight line, a CCD shift 
register is arranged in parallel to it, the charge by which light-receiving are recording 
was carried out at the photodiode is read into a CCD shift register by the shift gate 
pulse 1 level period, the charge of a CCD shift register is shifted synchronizing with a 



pixel clock, and the configuration which takes out the picture signal of 1 scan is taken. 
For example, "Goto: In trend" (a television institute magazine, VoL44, No. 2,. 
pp. 122- 126 (1990)) of a high density line sensor, the technical trend of a CCD line 
sensor in recent years is explained, and the improvement of sensibility and S/N has 
been a technical technical problem with the densification and improvement in the 
speed of a sensor. In order to obtain a high-definition image especially, reduction of an 
output and reduction of an after-image are raised as a technical problem at the time of 
dark. At the time of dark, an output is an output in the condition that incidence of the 
light is not carried out to a sensor, and is the property of deciding the minimum of the 
dynamic range of a sensor. Moreover, an after-image is the phenomenon in which the 
charge accumulated in the photodiode has not moved to a CCD shift register 
thoroughly, and the left charge is outputted to a certain scan period at the next scan 
period, and since the signal of a certain line and next line mixes and outputs, the 
gradation nature of the direction of vertical scanning falls. This afterimage property 
has big effect on the detection property of the modulation light in the through hole 
section. The property of the modulation light in the through hole section is shown in 
drawing 11 . This drawing (a) shows the detection approach of modulation light in case 
the image formation scale factor (projection image: photographic subject) of a CCD 
camera is i:k (k> l). The light from the modulation light light source 1104 is diffused 
with the diffusion plate 1103, and illuminates the through hole 1102 of a printed 
circuit board 1101. The transmitted light 1106 which passes through a through hole 
among illumination light, and the reflected light 1107 of a through hole wall are 
detected by CCD camera 1105. This drawing (b) shows the gradation property of a 
carrier beam picture signal for the effect of the after-image property detected at this 
time. Although the transmitted light of a land 1110 and a through hole will be set to 1 
if theta 1 is chosen as a threshold at the time of making it binary in the binaryized 
circuit 1004, the reflected light of the through hole wall 1111 is set to 0, and a striped 
pattern is not formed. Moreover, when a threshold theta 2 is chosen, the striped 
pattern of the through hole section is applied, is crushed, and has the problem that an 
exact binary image cannot be obtained. 

[0006] I n view of the technical problem of the above-mentioned conventional technique, 
this invention is an easy configuration, forms accuracy and the stable modulation 
striped pattern in the through hole section, and aims at offering the circuit pattern 
test equipment which enables inspection of the seat piece of a land etc. 
[0007] 

[Means for Solving the Problem] An image input means to picturize the circuit pattern 
with which this invention was formed on the printed circuit board in order to attain 
this object, A modulation light generating means to become irregular with a 
predetermined period by the transmitted light, and to illuminate said printed circuit 
board, The 1st binaryized means which changes the shade image from said image 
input means into a binary image, The infanticide cutback means which thins out an 
input image at the predetermined spacing, and the 2nd binary ized means which 
changes an infanticide image into a binary image, A hole separation means to separate 
a circuit pattern and the through hole section in an infanticide image, It has the 
configuration of a interpolation amplification means to expand said separated through 
hole image to the original scale factor, and the defective detection means which carries 
out arbitrary dose expansion and carries out logical operation of the through hole 
image separated while making up for the through hole section of a circuit pattern. 
[0008] 

[Function] An inequality part is detectable as a defect of the land of a through hole by 



carrying out logical operation of this invention to the binary image which gave the 
through hole image which separated a circuit pattern and the through hole section, 
and was separated by the above-mentioned configuration while making up for the 
through hole section of a circuit pattern, and made up for arbitrary dose expansion 
processing. 
[0009] 

[Example] Hereafter, one example of this invention is explained, referring to a drawing. 
[0010] Drawing 1 is the block block diagram of the pattern test equipment in one 
example of this invention. The image input means equipped with diffusion lighting 
systems, such as a ring-like light guide, and image pick-up equipments, such as a CCD 
camera of 104, in drawing 1 , [ in / 101 and / in 105 / 102 ] [ a printed circuit board ] A 
modulation light generating means for 103 to modulate the light which penetrates a 
through hole and to illuminate, 1st binary-ized means by which 105 changes a shade 
image into a binary image, an infanticide cutback means for 106 to thin out an input 
image at intervals of a line, and to reduce an image, 2nd binary-ized means by which 
107 changes said infanticide cutback image into a binary image, A hole separation 
means by which 108 separates a circuit pattern and the through hole section, While a 
interpolation amplification means for 109 to interpolate the separated through hole 
image for every line, and to expand to the same scale factor as an input image, and 110 
pile up said interpolated through hole image and making up for the through hole 
section A defective detection means to detect an inequality part by the logical 
operation of the image and stopgap binary image which expanded the through hole 
image, and to detect the defect of a through hole is shown. 

[0011] The actuation is explained about the pattern test equipment constituted as 
mentioned above. First, it illuminates with the diffusion lighting systems 102, such as 
a ring-like light guide, from the upper part of the circuit pattern formed on the printed 
circuit board 101, and inputs as a shade image with the image input means 105 
equipped with the image pick-up equipments 104, such as a CCD camera. At this time, 
the illumination light modulated with the predetermined period from the lower part of 
a printed circuit board 101 by coincidence is irradiated, and it inputs into the image 
input means 105. This example explains the example which used the CCD camera of a 
single dimension for image pick-up equipment. 

[0012] A printed circuit board 101 is installed on the trolley table which is not 
illustrated, and drives a CCD camera synchronizing with a trolley table. If the 
transmitted light is blinked per two lines in the modulation light generating means 
103 synchronizing with the horizontal synchronization SYNC of a single dimension 
CCD sensor at this time, the shade image obtained from image pick-up equipment 104 
will turn into an image with which picture signal level was modulated per two lines in 
the direction of vertical scanning in the through hole field. Drawing 2 is drawing 
showing the relation of the output signal of the level period SYNC of a single 
dimension CCD sensor, input light, and a sensor. This drawing (a) shows the case 
where this drawing (b) modulates input light the two whole periods, when input light 
is modulated for every period synchronizing with SYNC, the case of this drawing (a) - 
the after-image property of a CCD sensor - ** - since the signal of two periods which 
become each other interferes each other, the modulating signal of a narrow range is 
detected to the dynamic range (0 - Vsat) of a sensor. In this case, it becomes difficult to 
form the striped pattern stabilized in the through hole section by binary-ized 
processing mentioned later, on the other hand, the case of (b) - the too same reason -- 
** - although the signal of two periods which become each other interferes and suits 
and a transient response signal output is obtained, the signal S2 and S4 which 



received light in the level period T2 and T four boil comparatively, and are not 
influenced of the dynamic range lowering by interference of the above-mentioned 
signal, but serve as the output which reflected the contrast of input light well. In this 
example, in order for the effect of the after-image of CCD to protect lowering of the 
detection precision of modulation light in this way, the modulation light generating 
means 103 illuminates a printed circuit board 101 with the light modulated per two 
lines synchronizing with the level period of a CCD camera, and the infanticide cutback 
means 106 chooses the latter picture signal (S2, S4) among the detection light of said 
two - line unit. With the 1st binary-ized means 106, the shade image from the image 
input means 105 is changed into the binary image which sets the circuit pattern 
section to 1 and sets the base material section to 0 predetermined as compared with a 
threshold. Moreover, the 2nd binary-ized means 108 selects and makes a threshold 
binary so that the modulation stripes of the through hole section may appear clearly to 
said thinned-out image, and the image of the striped pattern in which 1 and 0 carried 
out alternation in the direction of vertical scanning in the through hole section as 
shown in drawing 3 is obtained. In addition, a spatial filter can be prepared in the 
preceding paragraph of the 2nd binary-ized means 108, modulation stripes can be 
emphasized, and the binary-ized image stabilized further can also be obtained by 
enlarging contrast more. The hole separation means 109 extracts the striped pattern of 
a through hole field from the output of said 2nd binary-ized means 108, and 
interpolation amplification of the obtained through hole image is carried out in the 
interpolation amplification means 110 at the image of the original scale factor. In the 
defective detection means 111, while obtaining the stopgap binary image which made 
up for the through hole section of the original binary image by said interpolated 
through hole image, arbitrary dose expansion of the through hole image is carried out, 
logical operation with said stopgap binary image is performed, and an inequality field 
is detected. That is, this inequality field will be extracted as a defect of the seat 
remaining widtlrof-face contravention in the land of a through hole. 
[0013] Next, the modulation light generating means 103, the hole separation means 
109, and the defective detection means 111 are further explained to a detail. 
[0014] The block diagram of the optical system centering on the modulation light 
generating means 109 is shown in drawing 4 . this drawing - setting 401 a printed 
circuit board and 402 an optical lens and 403 a CCD camera and 404 - a ring-like 
light guide and 405 the light source of a halogen lamp etc., and 406 - a diffusion 
plate and 407 in the line light sources, such as an LED array, and 408, the actuation 
circuit of a CCD camera and 411 show the pixel clock (it outlines Following CLK) of a 
CCD camera, and, as for a line light source driver and 409, 412 shows the horizontal 
synchronization clock (it outlines Following SYNC) of a CCD camera, as for a 
frequency divider and 410. The actuation is explained below. The illumination light 
from the light source 405 illuminates a printed circuit board 401 by the ring-like light 
guide 404. Simultaneously, the illumination light from the line light source 407 
penetrates the through hole of a printed circuit board 401 through the diffusion plate 
406, and incidence is carried out to a CCD camera. CLK411 and SYNC412 are supplied 
by the actuation circuit 410, and a CCD camera outputs a shade picture signal from an 
output terminal 413. At this time, 4 dividing of line light sources 407 is carried out in 
SYNC412 in a frequency divider 209, and they are supplied to the line light source 
driver 408. Thereby, synchronizing with SYNC412, every two periods, the line light 
source 407 serves as S2 and a signal with contrast strong against S4 to ON-OFF of the 
input light in Tl - T four, as the picture signal of flash sushi and the through hole 
section was shown in drawing 2 (b). 



[0015] Next, the block diagram of the hole separation means 1.07 is shown in drawing 
5 , and it explains below. In this drawing, in the binary image with which 501 
contained the striped pattern, and 502, a painting-out circuit and 503 show an 
expansion processing circuit, and 504 shows a contraction processing circuit. The 
binary image 501 containing a striped pattern as shown by drawing 3 is inputted, and 
the image which painted out only the striped pattern of the through hole section is 
generated in the painting-out circuit 502. If at least 1 pixel of pixels which form stripes 
although the field in which stripes are formed thoroughly is thoroughly smeared away 
by said painting-out circuit 502 falls out, since a hole may open to a painting-out field, 
insurance is expected, and it smears away further in the expansion processing circuit 
503, a specified quantity graphic form is made small for a field in the continuing 
******** better and contraction processing circuit 504, and the area size of a striped 
pattern is made to suit. Drawing 6 and drawing 7 are used and smeared away to below, 
and picture signal processing of a circuit 502, the expansion processing circuit 503, and 
the contraction processing circuit 504 is explained to it in more detail. Drawing 6 (a) 
shows the configuration of the aperture scan processing in the painting-out circuit 502. 
When a 3x3 scan aperture for the binary picture signal with which 601 contains a 
striped pattern in this drawing, and 603 to detect the alternation of a pattern, and 
604 607 detect the alternation of a pattern, 1, the alternation detector which outputs 0 
when not detecting, the 3x3 scan aperture in which 608-609 scan the output image of 
said alternation detector, the contraction circuit where 612-615 contract 1 pixel of 
output images of said alternation detector, and 616 show an AND circuit. The binary 
image 601 is scanned by the 3x3 scan aperture 603, and the changing point (1-0, or O'l) 
of a picture signal is detected in the alternation detectors 604-607. Although the 
aperture scanning circuit using line memory is a well-known technique and detailed 
explanation is omitted, a series of processings of drawing 6 (a) shall be performed 
while shifting 1 pixel at a time synchronizing with the pixel clock CLK which is not 
illustrated. Processing in the alternation detectors 604*607 is performed using the 
pixels d0-d8 of the 3x3 scan aperture shown in drawing 6 (b), and can be calculated 
with the logical expression of (l) - [ respectively / (several l) ] (4). 
[0016] 

[Equation l] 

(d 0 • d 1 • d 3) • (d0 + dl + d3) (1) 

(d 0 • d 3 • d 5) • (d0 + d3 + d5) (2) 

(d0-d5-d7) • (d0+d5 + d7) (3) 

(d 0 • d 7 • d 1) • (d0 + d7 + dl) (4) 

[0017] As for the output of the alternation detectors 604 607, 1-pixel contraction 
processing is performed according to an individual by the contraction circuits 612 615. 
The processing in the contraction circuits 61 2-6 15 can be calculated with the logical 
expression of (several 2). 
[0018) 

[Equation 2] 

d0 • dl • d3 • d5 • d7 



[0019] The output image of the contraction circuits 612 615 is inputted into AND 



circuit 616, each common area is detected, and the image 602 which painted out only 
the striped pattern of the through hole section can be obtained. 

[0020] Drawing 7 shows the nxn scan aperture used in the expansion processing circuit 
503 and the contraction processing circuit 504. The expansion processing circuit 503 is 
the processing which blows up N pixels of input images in all the directions, for 
example, even if the hole of a magnitude N pixel is in said filling area, it can crush a 
hole by swelling N pixels. Specifically, it realizes by performing OR operation of all the 
pixels below a number N in drawing 7 . The contraction processing circuit 504 is the 
processing which contracts M pixels of input images to reverse in all the directions, 
and it realizes by performing the AND operation of all the pixels below a number M in 
drawing 7 . 

[0021] Next, concrete processing of the defective detection means 111 is explained 
using drawing 8 . The image with which 801 carried out the separation extract of the 
Sulu hall in this drawing, the image with which, as for 802, the circuit pattern and the 
striped pattern were intermingled, the image with which, as for the expansion 
processing circuit 1,803, 806 buried the through hole section, the through hole image 
with which 807 expanded in the expansion processing circuit 2,804, and 805 are the 
seat remaining widtlrof-face contravention signals of a land. Predetermined carries 
out size expansion of the through hole image from the interpolation amplification 
means 110, the expansion processing circuit 806 is fitted to the through hole size of the 
pattern hole mixture image 802, and the stopgap image 802 is obtained by the next 
logical circuit 809. Next, in the expansion processing circuit 807, it expands by the 
tolerance drawing prime factor of the land width of the through hole section. For 
example, when detecting the land width of under 50micron width of face with the 
resolution of 10 micrometers, 5 pixels should just expand. In a logical circuit 809, 
logical operation of the expansion image 804 of a through hole and the stopgap image 
803 is performed, the inequality section is detected, and the seat remaining 
width-of-face contravention signal 805 is outputted. The example of processing of the 
defective detection means 111 is shown in drawing 9 . A shadow area is a defective part 
of the land detected as an inequality field 903. 

[0022] as mentioned above , the striped pattern stabilized a pattern in the through 
hole section by choose the large line of contrast form , the through hole field a field 
became a striped pattern from a binary image separate , interpolation amplification 
processing carry out , a land width carry out [ lower part lighting modulate per two or 
more lines , ] expansion processing several tolerance pixel minutes according to this 
example , and the defect of a land can detect easily by detect an inequality field by take 
an exclusive OR with the stopgap signal of the through hole section . 
[0023] 

[Effect of the Invention] In order that this invention may detect the reflected light 
image and transmitted light image of a printed circuit board with one image pick-up 
equipment, may modulate the transmitted light per two or more lines and may choose 
a scan line as mentioned above, While carrying out the separation extract of the ****** t 
the alternation of the through hole section which could form the striped pattern 
stabilized in the through hole section even when an afterimage was in image pick up 
equipment, and became a striped pattern A land width carries out expansion 
processing of the through hole image which made up for the through hole and was 
separated several tolerance pixel minutes. The outstanding circuit pattern test 
equipment which can moreover set the detection range as arbitration for the defect of 
the land of a through hole easily by taking an exclusive OR with the stopgap signal of 
the through hole section is realizable. 



[Brief Description of the Drawings] 

[Drawing l] Block schematics of the circuit pattern test equipment in one example of 
this invention 

[Drawing 2] The wave form chart showing the input light and the after-image property 
of the image pick-up equipment which is the important section of the circuit pattern 
test equipment in this example 

[ Drawing 3] The conceptual diagram of the binary image in which the striped pattern 
of the through hole of the circuit pattern test equipment in this example is shown 
[Drawing 4] Block schematics of the modulation light generating means which is the 
important section of the circuit pattern test equipment in this example 
[Drawing 5] Block schematics showing the configuration of the hole separation means 
which is the important section of the circuit pattern test equipment in this example 
[Drawing 6] (a) Detail block schematics of aperture scan processing of the painting-out 
circuit of the circuit pattern test equipment in this example 

(b) The conceptual diagram showing the 3x3 scan aperture of the circuit pattern test 
equipment in this example 

[Drawing 7] The conceptual diagram showing the nxn scan aperture of the circuit 
pattern test equipment in this example 

[Drawing 8] Block schematics of the defective detection means which is the important 
section of the circuit pattern test equipment in this example 

[Drawing 9] The conceptual diagram of the image in which processing of this defective 
detection means is shown 

[Drawing 10] Block schematics of conventional circuit pattern test equipment 
[Drawing ll] Gradation property drawing of the picture signal of the through hole 
section of this circuit pattern test equipment 
[Description of Notations] 

101 Printed Circuit Board 

102 Lighting System 

103 Modulation Light Generating Means 

104 Image Pick-up Equipment 

105 Image Input Means 

106 Infanticide Cutback Means 

107 1st Binaryized Means 

108 2nd Binary ized Means 

109 Hole Separation Means 

110 Interpolation Amplification Means 

111 Defective Detection Means 

401 Printed Circuit Board 

402 Optical Lens 

403 CCD Camera 

404 Ring-like Light Guide 

405 Light Source 

406 Diffusion Plate 

407 Line Light Source 

408 Line Light Source Driver 

409 Frequency Divider 

410 CCD Actuation Circuit 

411 Pixel Clock 

412 Horizontal Synchronization Clock 



413 Output Terminal 

501 Binary Image 

502 Painting-Out Circuit 

503 Expansion Processing Circuit 

504 Contraction Processing Circuit 

601 Binary Picture Signal 

602 Painting-Out Image 

603 3X3 Scan Aperture 

604 Alternation Detector 1 

605 Alternation Detector 2 

606 Alternation Detector 3 

607 Alternation Detector 4 

608 3X3 Scan Aperture 

609 3X3 Scan Aperture 

610 3X3 Scan Aperture 

611 3X3 Scan Aperture 

612 Contraction Circuit 

613 Contraction Circuit 

614 Contraction Circuit 

615 Contraction Circuit 
620 3X3 Scan Aperture 

801 Hole Separation Image 

802 Pattern Hole Mixture Image 

803 Stopgap Binary Image 

804 Through Hole Image Which Expanded 

805 The Seat Remaining Widtlrof-Face Contravention Signal 

806 Expansion Processing Circuit 1 

807 Expansion Processing Circuit 2 

808 OR Circuit 

901 Stopgap Binary Image 

902 Through Hole Image Which Expanded 

903 Inequality Field 

1000 Printed Circuit Board 

1001 Lighting System 

1002 Modulation Light Generator 

1003 CCD Camera 

1004 Binaryized Circuit 

1005 Hole Separation Processing Section 

1006 Edge Detecting Element 

1007 Expansion Processing Section 

1008 Contraction Processing Section 

1009 Expansion Processing Section 

1010 Defective Detecting Element 

1101 Printed Circuit Board 

1102 Through Hole 

1103 Diffusion Plate 

1104 Modulation Light Light Source 

1105 CCD Camera 

1106 Transmitted Light 

1107 Reflected Light of through Hole Wall 



1110 Land 

1111 Through Hole Wall 
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